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Abstract 



PURPOSETo provide a two-dimensional electron gas electric field transistor which has an even threshold 
voltage value and to provide a method for manufacturing such a transistor. 

CONSTITUTION:On a semi-insulating GaAs substrate I, an undoped GaAs buffer layer 2, an undoped 
lnO.2GaO.8As channel layer 3, an AI0.2Ga0.8As electron feeder layer 4 which is doped into an n type, an 
undoped ln0.5AI0.5 As etching stop layer 5, and a GaAs cap layer which is doped into an n type are grown. 
Then, a source electrode 7 and a drain electrode 8 are formed on the GaAs cap layer 6 by evaporation or by 
a heat treatment alloy process. Then, using an etchant including a succinic acid or tartaric acid, the GaAs 
cap layer 6 formed on the undoped ln0.5AI0.5As etching stop layer 5 is selectively removed by etching to 
form a recess 9. A gate electrode 10 is formed in the recess 9. Since the depth of the recess can be 
controlled even, a threshold voltage value can be uniformed. 



Data supplied from the esp@cenet database - 12 



http://12.espacenetxom/espacenet/abstract?CY=ep&LG=en&PNP=JP7193224& 7/17/02 



-2 7yF-^'fe»As;\ 4 v7rJ 



I ftfei|t&5aAfi£||[ 



8 




10 F-hTO' 

9 6 



<i9)n*H#smr up) 02) & ^ 4£ $1 (a) uimmwAmm} 

^5^7-193224 

(43)4*11 B ip«7¥(1995)7fl28B 



(51)Inta G 
H 0 1 L 29/778 
21/338 
29/812 



9171 -4M 



F I 



HO 1L 29/ 80 H 
21/ 306 U 

*T m&m<B8t2 OL (3- 6 H) S»Hlc:«< 



(21)ffl«*** 


fJR¥5-330552 


(71)fflHA 


000004237 










<Z2)WB5B 


*riE5¥(1993)12a27e 




JjDeONSK^ETB 7 * 1 ^ 






(72)«IH# 


m— 






















(74) ftiA 





<54) Ban©**] «»3»*h^>5»x^*iTytowe*tt 

(57) [^ft] 

[fl&£] ffi8ttGaAsi«lit. r>-h'-7-Ga 
AsA 77rf 2. T>-H— 71 no. 2 Gao.8 Asf 
•V*/WI3. nmiZJWmF-yZtlfzA 1 o.zGa 
o.e Aslfftfe)|4, TVK-rino.b Alo.s A 
sJC.^>^f?ih«5. nSfc**GBJh'-7§*tf:Ga 

0.5 Aso:>yf-y^itJS5±<7>GaAs^fA">'rffl6 



t^6 irGaAsftvTS 
—2 7Mr-XbA*i*'*7rM 





(2 

1 

umm i j *mmG a a k mLkiz^ m-mmii 

co*Z V ^ 1 (T)¥igikmt . WIS 1 *>¥8WWitcJt*T 

^m^^iR h v V i?X ? izm »T . iwiffi35 2 tf>¥^flcJi 
±lZ I n A I A s mt . nStTWHj K-rSflfcG a 

v >m i <r>*mtmiL . tats i ^m^mizit^x io 
mT-j&fti* t ^ss 2 <7m§wg t . inAiAsi 

k. nmiZ^WfaF-TZtltzGaiAsmtZZnmiZ 
flSJg-f &Hlk . >J-te.*Ifik£?rU 'J-teXIiSKiS 
\>*Xma£nWI,Z^ffl!ab'-y'ZtltiG a A sJf£3/s? 
KSr^txx -,1~>ym£ fctifffBlRfcHrtfX y ^TTO 
£ J: 9 SiKftM: V txx-yf ^£*t 5 £ k tmt -TZ 

[OOOl] 

[*f£±<afqffl#PH *&HH(i. wm&VvyzS*? 20 
[0002] 

-izmthtiibizmi^ v+^trtm^tzv *x.mmm 

[0 0 0 3] GaAsStHfef S^tSA I GaAs 
/GaAs*TkL A 1 GaAsfcJUtSlyf ^ 30 
&#G a A s £*ff £ X >y f- y^j&gtft^T/jNS «- ^ 

tzmmLx. ^ao^iru-fexx-yf-y^tf^ 

TV^. AIGaAs/GaAs^)MX7fy/K 

ttz/v—t-JV ■ *7 ■ AdfjL— A • ^iyx • -r^y 
ny-X, ®B8t.g5^ 1 1221, 19 9 0^ 
(JOURNAL OF VACUUM SCIENC 
E TECHNOLOGIES, VOL. B8, NO. 
5. PP. 1 122. 1 9 9 0 ) sSM<r>mUz Jztlii . 
?x>sl iHMbicS*. **»fe«r*x.yf->'^^ffl 40 

Hfct^rC. A I o.3 Gao.7 AsCJttiGaAsW 
x.yf->-^^Jt (SHRit) t±9 0k=S:^T^&. * 

mi 2 9®. ^1 04^ 2 380TL 1 0 8 2'+ 
(JOURNAL O KKI.KCTKOCH K M I ( '. A 
I. SOt: I KTY ; SOL I D-STATKSC I K 
NCE AND TECHNOLOGY, VOL. 12 
9, NO. 10, PP. 2380. 1982)|fi»<0fg 
fetCjfttf. 7^-7*, jS^t*S*$-^L^X 50 



WBB¥7- 1 9 3 22/1 

2 

•vf ^MfcJtJ^JfcfctfVCA lo. i 6 Gao.84AsC^ 
& G a A s COMtiiltte 3 0 k #o X . 

[0004] K7-fx7 i-*rwvtm\> i> <o-m. 

mX-ti^*'*--* ■ zs-v — ^/^ • *7 ■ TT^J Y ■ 
7^y7^X^20i,®l M L847I. 19 
81#(JAPANESE JOURNAL OF A 
PPLIED PHYSICS. VOL 20. NO. 
11. PP. L 84 7, l 9 8 1 ) 3 
5. ZWmX'ii.. HeiCCh Fz WSfetfAtem^ 
TfcOs Alo.3 Gao.7 Asfcr*H-6GaAsC03HR 
Jt(i2 0 0t^roTV^. 

[000 5] A 1 GaAs/Ga As|g(2X.y^->-^ 
itmtLXA lfflj&D*£^A 1 GaAsi§£i$AU 
?X>1&£l9s-tfX y f-^ifrCStRx y f-V^&tf 9 A" 
&J±. • • XU? ha-y^ • Tf'JT 

;l^X. 2 1** ft 13-. 9H. 1 98 2*f- ( JOURN 
AL OF ELECTRONIC MATERIAL 
S. VOL. 21, NO. 1. PP. 9. 1982Me: 

xm&2ixte2i!&m j ¥-tfxw.&y)m b ? >^^am 
w±mtLx. AiGaAsmuia^i^ 

AUGaOAs. A I A s SrfflWt . A 

1 AsX y^-V^ihJfl 4ti. 7VH-TA 10.17G 
a0.83A3 JSl 3 t G a As^-v -y7-®6<O^BB$ix 
TV^S. 'J-tX9ll ^X^H. jasKb*^*^ 

^L^X y^-V^tCiSX-yf-^'C^ritSnS. X 
•yf->^**X^^->^jfcJi 1 4 £TM3-f-S k . X y 

[0006]GaAs fcrStTSX -yf-^^WilJli: LT 
Al 1 nGaAsJg£*$AU h*7>fX-y^-V^T® 
iRx-y^y^^^ti^BBTB - 1 0 2 1 9 4^*8 
fcsZmtlX^Z. 06(S. ^cOSJRx-y^-^&^ffl 

^aTlin-A 1 I nGaAsX7f>'y'^jtS24 
(i. n-GaAsft^/H23tn-GaAsi25 
^faiCffiSiK'C^i.. l J'bX2 9li > 0!lx.lfCC 12 F 

2 ^X-yf^XtURIE (KiEflH^X-y^- 

^cJ:0«i«$ix&. x 7 fy/'(iX7fyy'f 
jJJi2 4±T'jtff*-£k. x.y^^^s^g<ris^: 

[0007] 

T^^oyx. y -l-yywtX'li. a i c; >*. a s / ( ; a a s 

MaAsWX y f->'^^S*i^< (^tfajat'3 0 



3 

10 0 08] 

ww*z i w^wftjg t . tm i wswacut 

(Wl±fc: I n A 1 A sJli: . nMfcl^tflRjK-TSilfc 

h. 

[0009] tmtm 2 KKMOWMUR h 9 >^*x ? <7) 
l*t2«>¥*flcJ|2: . InAlAsl 

mm-tzxmt. v^xxmt^t. mnm^vm 

F-T^fl^GaAsJgfcnvv^B^OXy^^ifc 
* fcl±S6Kfc*trx -y f-^^»(c i 0 SliKfflfer 'J -fe x 
x-yf-j^fcff 5 ZtZtmb-tZ. 
[00 10] 

[#ffl] *«91fc: J:*U?« K 74" x-y^-^ifefer «fc & U 
=m?K£fcfcH£5IR£«trX y f->-^<DG aAsl; 

•j-fex^$o$i»tt^eJt#-r«,^ tars 

[00 11] 

[0012] (HS60U) 131 (a) fctt, Xtf^df-^ 

y K-TG a A s A* 7 7rl2*«200n m«JDl|$ 
rvK-ri n0.2 Ga0.8 Asf^;H3*»l 5n 
m<9J?$T\ 0M.tiTS i &£«>TORMft 2 X 1 0 18c m 
-3*>iMfC K-TSfUfc n-GaAs^f-v.yT^6* { 6 
OnmOJPST'. -e-il-eitMi-if^HH&xe^df^^ 

[0013] ioxtr^df S"*;uttfLhfc:. 01(b) 

(C^f V— FW V^ffi8£M*.(f A 1 Ge 

[0014] act:*— s •/ ^meiat . 'J -feX 9 £ «j£ 
wJWS-caift Lfc t» «(cr > - 1 -r Jo x. •& - 1 -c p i i 
/i^/iiiifcfc^fcx-y^^jftfc-*-*. istta ojgfe:/;* 

HT, Itf)X7fy/jg?rJlV*I nA 1 AsfcGaA 
s<DX»/^-y^ r )SESOJtf±l«2 ltftS. Z<F>t*<F> 
G a A s <0X -/^-y^miSitWrt 2 5 n mT*4 . 



(3) »HH¥7- 1 9 3 224 

4 

[00 15] 03t4. X-yf-y^B$t^i:X.yf-V7"*<7.) 

mi&z^Lx^z. *sat0W^^r. *-\"y7-«a«x 

•yf-^^tCtOl^^ilSD^fai^ 1 0 0%kWl X 
•x f->'^ffjUftfl«t-^T|lfcfeSJl«BS|SB±-e^>7 0 %tc 
fcfci. LWjST, <Rlc^«c<0x.yf->-^l«f|ai$: 1 3 
5%fe:f££-m.(f. xy*-y?TOaNg-. iSJg^feiJ:* 

•y f-^a^fflftfc 2 n m fciftferttU £ -I 4: £ . 
[0016] MlKzia 1(c) tcSrTJ; a fe:. 'J-teX|*j 
10 &\zm*-tiTi fcPt kAuK«y-HBl OS: 

[0017] jB&3ti*:tt4HH£ n 9>-^*x^(±. r n 

o.i Gao.a Asf-**/WB3«Cfl»ftSjh.*»T#Ffc: 

«E7*»^I no. 2 Gao.a A s -f-v *A^JB 3 I^CO^S^ffi 
ft (.V-Xfflfc) li.. y-KilmmtftJfCO. 4fi* 

XffiCtfctlffRt^rCft-S. Alo.s A 

sx-zfy^jhi 5 fcij: S y - XffiK<0^^*^t ^ 

[0018] (HS6011 2 ) *H*60!Tii. x - y 

>-'X^SrJgB£^. 

[0019] x-y^^^w^tiMitf^ii^T* 
S.*l'J-y h/l^tcW LS5K1 6 0^5A<0SH^-C« 

■&Ltzi>cot,zY'y : £—T£ti\iz-&^tX'PH 5 . oizm 
30 mtt . «r fL^jaK^STjco . 1 7 u » h/PSrJnx/L- 

tOSrX yf-^jRfc-TS. Sft2 0JSfer^V^T, C1<0 
X-yf-y^Jg^fflV^ I nA 1 AsfcGaAsOX yf- 

y7mm<r>itoii1ct2 6X°*>Z>. ;«k^GaAs<0 
X yf-^afJg{itt4J-2 0 nnT*i. 
[0020] ffifi^ilfeWHtMR h 0 1 
W^I no. 2 Gao.e A s i-sr^VM 3 £.f&&LZtl 

&Si t #F^2»^cm^x*tjgio. ;<oif£^+ 
u rfc Lxm^th . *$mmiz ± o^sit^^i*^ 

«h5yy^tlv ^ffiiO^miSIKi 28mVt 

ltl.V-Xtffi7A>A,Ino.2 Gao.s Asf^4./H 
30^0^^«tn; (y-X»6t) y-hBlmin» 
gCTO . 4 QT'*> "3 H 4 t^-«a£*fiB&<7)mif^* h 9 

y>-'x^ioy-xffifiifct5{3:i^tffi-c#>«». £*ui. 1 

no.'.. A 1 o.uAsX-yf->-^«CjtJa5tCi&y— Xffii 

[0(^2 1] ( 3 ) *-*aiiMfc:JKi »t ii . iai l 
( b) lci^~n-GaAs^-y;rJi6£:SitRMfe:x y 

50 miX'hZ. ^oy®t. 12(a) iZ^tXdlZ. Mz-lf 



(A 

5 

•jvsl aunt***. *frt>tzz^ v -f-yy&zm^ 
x r> H-r t n a i a s x y i->y&±m 5 £i$£-r 

S. Xvf^lin-A l GaAsJg4<0ifc«f*Tittfrf- 
S. L#>LI nA l AsX7f^iti5lin-Ga 
A s 3- a- ••/ 7J§ 6 fcJt^TSSV uOT\ 'J -feX^^cOi^— 

§ S . MCI 2(b) tc^-r «fc 5t. U -fexrtaucM 

i.<f t itiutAu frt,% h y- hmffi i o 
s. 

[0022] #S!ife0IJfc:«H >T l±y- h WmiZA 1 G a 10 
As^«&Jg4±t;:^j££*t&/^ ^SfefiRIltjJ:^ 

Lfc* 5 ,->t y- h . ^cm»SiSf^^fig k =5r 

[0023] *%.W?tt. I n A 1 A sIyM#jt 
fl»±-*H-ri:LT^*36«, ditt:|R^><x& i><7>X'li 

r> . m^4ftteJlk^*/wi tester >-H-r<ox 

InGaAsft */Wf <^J^i fc{±SlS£;frfi-Ctf>ffl 
[00 24] 

<?>L%^mKm£i%-'£.mWVZh. LHlnAlA 30 
SWBt-^^Tti^x-x Fxyf-y^Ta-fexfcfljvvo* 

k=5r& r*-^c «t ajffiMfcunif-rs^ t 

[Hi i *wmm#M%:h?isx?c?>wmjLm£^-? 



1t^¥7-1 9 3 224 

6 

[03] *mizmm-&tz*bc?>MT. v-txmm&n 

x y f-^miSJi: x y f-^SafBfli&i; Lfc0T'£> 
[04] iMfl?x.y^->^ffli^i\ ^*«0S5iS*ST 

[06] mxmt lx mm Lfcsow^jwa* 

* <r>mjkx.mz^-tmmmx'h & „ 

[fir^OlM 

1 ¥*fe«*ttGaAsffi& 

2 7yH-TGaAsA'77rl 

3 T> K— 7* I no. 2 Gao.s Asft^/H 

4 n-A10.2Ga0.8 AstfMl 

5 ' TVK— 7*1 n0.5 A 10.5 Aslyfy^jh 

6 n — G aA s3f -v '/Til 

7 V— X^iffi 

8 FUS'Wfi 

9 U-b^ 

10 y- hwm 

11 7VK-7A 10.17Ga0.83AsJg 

1 2 TOGftK-T' 

13 TV'K-TA 10.17Ga0.83AsJf 

14 A 1 AsX.»/1->f&±m 

2 1 fffij^GaAsSK 

22 ryK-TGaAsA'7 7ri 

2 3 n-GaAsf-A^/Wl 

24 n-AI I nGaAsXvfy^jU 

25 n-GaAsl 

26 n+ GaAs3y^?M 
2 7 V— X^jffi 

2 8 HW>^ES 

2 9 U-trX 

3 o y- MEte 




( 5 ) Wffl¥7- 1 9 3 2 2/1 



[111] 



y6 rt-GaAst tv73§ 

\J> TVf-rinoLsAlo.sAsXvft/^tlg 

-2 TyK-r^oAsA'v?^ 





[05] 



I 9 f 



1 Mm f-Q*As buffer 



f- GaAa substrute 



— V2 




r~5 
4- 

^2 
A 



[061 



(a) 



25 nf-QBAsai^hS 
25 n-<roAs® 

24- 

23 n-qnAs^V^l* 
22 7vF-:*iaAsAV7r£ 
•21 ^HWWfcQttAsSfc 



4^-25 
»V 
23 
22 
•21 



CO 



■26 

^-23 
--22 
—21 



(6) 1WK-7- 1 9 3 22/1 

(5i)int.a .« mmwM^ f i tmm<tsm 

HO 1 L 21/306 

21/308 C 

9171 -4 M H0 1L 29/80 F 



4 



